Background: self-rated health (SRH) is a strong predictor of mortality, but it is unclear if SRH independently predicts a decline in instrumental activities of daily living (IADL). Objective: to verify whether SRH is an independent predictor of IADL decline.
Conclusions: this study confirms that SRH is an independent predictor of IADL decline among non-disabled community
Introduction
Self-rated health (SRH) reflects people's overall perception of their health, including not only physical health but also psychological status and quality of life [1, 2] . SRH comprised one simple question and easy to use. Therefore, it is frequently used in national level surveys to compare physical and mental health conditions [3] . While SRH is a sensitive reflection of current poor health, it has been pointed out that SRH can also be affected by health behaviours [4] , the degree of influence illness on daily living [2] and psychosocial factors (e.g. positive affect, resilience, sense of coherence, depression, psychological distress or social class) [1, 5, 6] . A lot of previous studies of SRH set mortality as the outcome and have reported that poor SRH is a strong predictor of mortality risk [1, [7] [8] [9] . Compared to mortality, there are a smaller number of studies setting disability as an outcome, but it has been pointed out that SRH is a predictor of functional limitation [10] [11] [12] . Although some prospective studies have examined the relationship between SRH and instrumental activities of daily living (IADL), these studies did not use SRH as a main predictor variable [13] [14] [15] , had inconsistent results [13, 14] and were limited to older women [15] .
IADL is higher level life function than basic activities of daily living (BADL) and includes the necessary capabilities to independently conduct everyday life in the local community (e.g. shopping, preparing meals, keeping track of finances and handling officially required procedures) [16] . Sustention of IADL can contribute to maintaining BADL, leading to the extension of healthy life expectancy [17] . Therefore, revealing whether the SRH of older people with independent IADL predicts a decline in IADL can deepen the understanding towards successful ageing.
Taking this background, we examined whether baseline SRH would forecast IADL degradation 3 years later based on a prospective cohort study subject to communitydwelling older persons conducted by local administrations in Nara Prefecture. Because the relationship between older people's SRH and health outcome can be affected by gender, age, medical conditions, depression, cognitive functioning and BADL [1, 5, 8] , we analysed the relationship between SRH and IADL decline by stratifying males and females, young-old and old-old, with or without chronic diseases, with or without depression, with or without cognitive dysfunction and whether they had dependency in BADL. The results of stratified analysis by gender are presented in this analysis, but those of further stratification are presented in Supplementary Appendix 5, available at Age and Ageing online.
Methods

Study population
The overall design of this cohort study is described in detail elsewhere [18] . Briefly, two local municipal administrations in Nara Prefecture distributed questionnaires to all residents aged 65 and older (n = 15,058) by regular mail and received 11,183 responses (response rate: 74.3%). Among those responses, 1,545 were IADL-dependent at baseline and 1,966 had missing values in their answers to the questions involving IADL, SRH and/or covariates. These responses were eliminated. Of note, 7,672 respondents were targeted for the follow-up survey. Among these subjects, there were 1,448 who did not participate in the 3-year follow-up survey and 240 who did not submit valid follow-up IADL responses. Again, these were eliminated from the study population. A total of 5,984 (2,638 male and 3,346 female) participants were subject to this study's analyses (see Supplementary Appendix 1, available at Age and Ageing online). The results of the attrition analyses are shown in the Supplementary Appendix 2, available at Age and Ageing online. Subjects with missing baseline values tended to be female, a majority were 75 years or older and most had dependent BADL compared to those with valid baseline responses. People who were subject to the follow-up survey and ultimately eliminated from the analyses were significantly more likely to be male, older and more BADL-dependent than the respondents included in this study.
Measures Instrumental activities of daily living
The five-item Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) was used to measure IADL. The index was developed to assess the ability of older adults residing the community to live independently, and its validity and reliability have been confirmed [16] . Respondents choose either 'yes' (one point) or 'no' (zero points) to each question. Subjects with a full score of five are considered independent [19] . Subjects with scores other than five (zero to four) are categorised as dependent. Any change from a maximum score at baseline to anything less than a maximum score at follow-up was defined as IADL decline [19] . The relationship between SRH and IADL decline was examined only on the followed-up subjects with perfect baseline IADL scores. Therefore, participants with a maximum baseline IADL score were divided into two groups, depending on their follow-up IADL score: a full score of five (no IADL decline) or a score of less than five (IADL decline).
Self-rated health
SRH was measured by a single item [3] : 'How is your health in general? Is it very good, rather good, rather poor or very poor?' By their responses, the respondents were classified into four SRH levels: very good, good, poor and very poor.
Covariates
In line with previous studies [10] [11] [12] [13] [14] [15] , the following variables were considered as relevant confounders: sociodemographic factors (age, family structure, body mass index and subjective economic situations), medical factors (self-reported medical conditions and the number of medications used), behavioural factors (alcohol consumption and smoking), psychosocial factors (depression and cognitive functioning) and a physiological factor (BADL). Because social relationships may be a potential mediating factor in the mechanism for the effect of SRH on the health of older people [20] , social participation was used as additional variable in the final model: social participation was derived from five different types of activities: local events, neighbourhood community associations, hobby clubs, senior citizen clubs and volunteer groups. The total number of social activities in which respondents participated was categorised as 0, 1, 2 or 3 groups. Details of each covariate and the method of categorisation are shown in Supplementary Appendix 3, available at Age and Ageing online.
Statistical analysis
Data comparisons between two groups were tested with Fisher's exact test. A trend test to detect an increased risk of IADL decline among the four SRH groups was performed using the Cochran-Armitage test. Multiple logistic regression analysis (by the forced entry method) was carried out using 'with' or 'without IADL decline' (IADL score of <5 or full marks at follow-up) as a dependent variable. An independent variable was SRH at baseline, with very good as the referent category. The results were shown as an odds ratio (OR) with a 95% confidence interval (CI). In Model 1, we calculated the crude OR for IADL decline. In Model 2, adjusted OR was calculated by adding all covariates except the number of medications, because the number of medications was observed to have a significant association with the number of chronic diseases (Spearman's coefficient of 0.57, P < 0.001). In Model 3, social participation was added to the variables in Model 2. The level of significance was 0.05 (twotailed). Statistical analyses were performed using IBM SPSS Statistics (version 24.0; IBM SPSS Inc., Chicago, USA).
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Results
Among males, 16.1% of respondents evaluated their SRH as very good, 71.0% as good, 10.5% as poor and 2.4% as very poor at baseline. In contrast, female responses were 12.7%, 74.5%, 10.7% and 2.2%, respectively. Overall, males rated their health better, compared with females (Fisher's exact test, P = 0.002). Of note, 349 males (13.2%) and 276 females (8.2%) exhibited IADL decline at the 3-year follow-up survey, which is significantly different between genders (P < 0.001). Baseline characteristics of analysed subjects by gender are shown in Supplementary Appendix 4, available at Age and Ageing online. Table 1 shows the baseline characteristic by SRH categories. Participants who reported poorer SRH tended to be older, underweight, have poor economic situations, a higher number of chronic diseases and medications, consume less alcohol, suffer more from depression, have poorer cognitive functioning, poorer BADL and less social participation. SHR was not associated with family structure and smoking status. Table 2 shows the baseline characteristic by the presence or absence of IADL decline. Respondents with IADL decline were older, more likely to be male, underweight, had larger families, more chronic diseases and medications, suffer more depression, have poorer cognitive functioning, BADL and SRH, and participate less socially compared to those without IADL decline. Subjective economic situations, alcohol intake and smoking history had no effect on the presence or absence of IADL decline. Table 3 shows the ORs for IADL decline associated with SRH by gender. Among both genders, the crude ORs for IADL decline were consistently increased with worsening SHR, and a significant dose-response relationship between poorer SHR and IADL decline was confirmed (P trend < 0.001). In Model 2, where the data were adjusted for socio-demographic factors, chronic diseases, behavioural factors, psychosocial factors and BADL, the ORs for IADL decline were attenuated but remained significant: the ORs of good, poor and very poor SRH were 1.69 (95% CI = 1.14-2.51), 2.10 (1.25-3.55) and 3.11 (1.50-6.45) for males, and 0.88 (0.54-1.42), 2.08 (1.16-3.75) and 3.42 (1.57-7.42) for females, respectively, compared to those with very good SRH. In Model 3, additional adjustment for social participation brought no change in significant differences but weakened the relationship between poorer SHR and IADL decline. These analytical results showed no gender differences in the association between SRH and IADL decline.
To address the effects of age, chronic diseases, depression, cognitive functioning and BADL, we performed stratified analyses (results are shown in Supplementary Appendix 5, available at Age and Ageing online). Significant associations between poorer SHR and IADL decline were observed regardless of whether chronic diseases, poor cognitive functioning or poor BADL was present but were affected by age or the presence of depression; SRH was significantly associated with a decline in IADL only among participants aged 65-74 or those without depression.
Discussion
This study verifies that baseline SHR independently predicts 3-year decline in IADL. Our stratified analyses results showed no difference between males and females regarding a significant relationship between poorer SRH and IADL decline. It was not affected by the existence of chronic diseases, cognitive dysfunction or BADL dependency. However, the relationship between poorer SRH and IADL decline was significant among the young-old group but not among the old-old group. Regarding depression, the ORs of poor SRH and very poor SRH for IADL decline were significantly increased only among participants without depression. Thus, our findings suggest that SRH is more strongly influenced through age and depression than gender, chronic conditions, cognitive functioning and BADL; SRH is a particularly strong predictor of IADL decline among younger old people and old people without depression. Our results are consistent with earlier studies, in which Good (n = 4,364) Poor (n = 634) Very poor (n = 137) a study of older residents demonstrated that the SRHmortality association was stronger for the young-old than for the old-old groups [7] , and a meta-analysis showed that poor SRH in older adults was more strongly associated with depression than the presence of chronic disease [21] . Regarding possible relationship mechanisms between SRH and IADL, first, SRH has been shown to be an independent predictor of incidence and death from cardiovascular diseases [9] . Additionally, cardiovascular risk factors can predict the incidence of IADL decline among communitydwelling older adults [22] . Therefore, the association of poor SRH with IADL decline may be explained by the risk factor profile for cardiovascular diseases. Second, our study participants indicated that individuals with better SRH were more likely to engage in social activities (see Table 1 ), and additional adjustment for social participation steered the association of SRH with IADL decline downward (see Table 3 and Supplementary Appendix 5, available at Age and Ageing online). Because social participation has been shown to mitigate IADL decline [23] , the association between SRH and IADL may be mediated by social participation. Third, stress coping is considered as a pathway to IADL. Previous studies have reported that stress factors have a considerable effect on SRH [24] , and that stressful life events, such as loss of a spouse [25] , and psychological distress [6] can cause functional decline in older people. Additionally, it has been reported that people with better SRH are more likely to have a high sense of coherence [26] , and that sense of coherence, which is an individual coping resource, gives people the power to manage stressful situations [27] . Taken together, older residents with better SRH may have sufficient ability to cope with stress and be protected from functional decline due to stressful experiences, contributing to IADL decline prevention.
This study has several limitations. First, owing to the exclusion of subjects who could not participate in the survey or not provide valid responses, our results may be biased. Subjects with invalid baseline responses or exclusion from the follow-up survey were significantly older and BADL-dependent than those with valid baseline responses or analytical subjects (see Supplementary Appendix 2, available at Age and Ageing online). Although we have no information about those people who did not submit the baseline questionnaire, those with lower functional capacity or poorer SRH might have been less likely to respond to the survey. That is, it is probable that the high-risk population for disability were eliminated from our study. This may have resulted in underestimating the association of SRH with IADL. Second, both SRH and IADL were assessed by self-reporting. Therefore, common method bias cannot be excluded [28] . This may have led to an overestimation of the association between SRH and IADL. Third, although our analyses controlled for many potential confounders, socioeconomic status had insufficient information (i.e. only subjective economic situations). Prior studies have shown that higher education was associated with both better SRH [29] and IADL maintenance [13] , which mean the observed associations might have been altered by additional adjustment for education. Finally, we selected study samples from small-or medium-sized communities in the prefecture of Nara, Japan. Prior studies have indicated that neighbourhood environment (e.g. accessibility to shops and public transport) has an influence on IADL performance [30] , and that factors such as cultural background and national traits have an impact on selfassessment of health status [3] . Therefore, caution must be taken in generalising our findings to older people living in depopulated or metropolitan areas of Japan or other areas outside of Japan.
Despite these limitations, to our knowledge, this study is the first to confirm that SRH is a significant predictor of IADL decline among older residents. These results suggest that the association between SRH and IADL decline has no gender differences but varies depending on their age or state of depression. Our findings imply that the SRH of non-disabled community-dwelling older people has an impact not only on longevity but also on maintenance of IADL, especially those in the young-old age group or have an absence of depression.
Key points
• Poorer SRH was associated with a decline in IADL among high-functioning community-dwelling older people.
• These associations were independent of chronic diseases, cognitive functioning or BADL but affected by age and depression.
• SRH may be an effective tool in identifying older residents who are at risk for developing IADL decline in the near future.
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